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Objective: We examined the atrial activation during atrial fibrillation to validate the
rationale behind simplified surgical procedures.
Methods: Intraoperative mapping of the entire atrial epicardium was performed in
21 patients with permanent atrial fibrillation and mitral valve disease using a
256-channel, 3-dimensional dynamic mapping system.
Results: Concurrent multiple repetitive activations arose from the posterior left
atrium adjacent to the pulmonary veins or the left atrial appendage in all patients.
The fastest activation propagated toward the right atrium conducting through
Bachmann’s bundle, leaving the other activations confined to a small atrial region.
As the activation propagated toward the right atrium, there was a progressive
conduction delay or block in the pathway. As a result, the activation in the right
atrium desynchronized with the left atrial activation and became irregular and
complex. The average cycle length measured at the right atrial appendage was
significantly longer than that at the left atrial foci (206  32 milliseconds vs 175 
23 milliseconds, P  .001). In addition to the passive activation, a focal activation
and reentrant activation were also observed in the right atrium in 5 and 6 patients,
respectively. The number of wave fronts in the right atrium was significantly greater
than that in the left atrium (2.9  0.8 vs 0.6  0.7, P  .001).
Conclusions: Multiple left atrial focal activations with fibrillatory conduction and
right atrial focal or reentrant activations are the mechanism in permanent atrial
fibrillation associated with mitral valve disease. Intraoperative mapping would
facilitate the indication for simplified procedures confined to the left atrium or the
pulmonary veins.
Atrial fibrillation (AF) is the most common supraventricular tachy-arrhythmia carrying a significant morbidity and mortality. It isgenerally accepted that coexisting multiple wavelets1 are theunderlying electrophysiology occurring in permanent AF. Multi-ple reentrant activations2 and a single reentrant activation of avery short cycle length with fibrillatory conduction3 have been
shown to cause multiple wavelets in experimental studies. There have been a few
mapping studies on atrial activation during AF in patients with or without structural
heart disease. Macroreentrant activation or atrial reentry was demonstrated during
electrically induced AF in patients with Wolf-Parkinson-White syndrome.4,5 Recent
studies on permanent AF in patients with mitral valve disease have suggested that
repetitive activation arising from the left atrium plays an important role in the
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perpetuation of AF in this subset of patients.6,7 Ablative
procedures confined to the left atrium or the pulmonary
veins have been shown to cure AF in selected patients.8,9
However, it has not been determined yet which mechanisms
participate in the perpetuation of permanent AF in humans
and the rationale behind the simplified ablative procedures
has not been directly validated.
In the present study, we sought to characterize the atrial
activation during permanent AF in patients with mitral
valve disease. Analysis of the atrial activation using the
usual static and 2-dimensional map is sometimes intricate
because of coexisting multiple wavelets during AF and a
3-dimensional and complex structure of the atria. We used
custom-made electrode patches with 253 electrodes and
simultaneously mapped the entire atrial epicardium, includ-
ing the posterior left atrium between the pulmonary veins.
The maps were displayed in a dynamic mode as a movie on
3-dimensionally constructed atrial models to keep the atrial
activation correlated with the anatomical landmarks, such as
the atrioventricular annuli, great vessels, and the pulmonary
vein orifices. These technical advantages allowed precise
and accurate analysis of concurrent multiple wavelets in the
atria.
Methods
Patients
The study included 21 patients with permanent AF who underwent
surgery for AF and mitral valve disease. The study protocol was
approved by the research committee of our institute and a written
informed consent for intraoperative electrophysiological study was
obtained from each patient. There were 7 male and 14 female
patients with an average age of 60  10 years old. The duration of
AF was 3 years or more in all patients. Fourteen patients had
rheumatic mitral valve stenosis and 7 patients had non–rheumatic
mitral valve regurgitation. There were 8 patients who had moder-
ate to severe tricuspid valve regurgitation and 5 patients with aortic
valve regurgitation or stenosis. The left atrial dimension and left
ventricular ejection fraction determined by transthoracic echocar-
diography were 53  11 mm and 52  13%, respectively.
Intraoperative Mapping
Intraoperative mapping was performed before the patient was
cannulated for cardiopulmonary bypass. Electrograms were re-
corded from the entire right and left atrial epicardial surface along
with the electrocardiogram during AF. Following the data acqui-
sition, the patients underwent the radial procedure10 for AF, mitral
valve surgery, and additional procedures to correct other structural
heart diseases. The mapping electrode patches (Figure 1) were
custom-made to fit the patches snugly to the entire atrial epicar-
dium. A mold of a cadaver heart was made, and the curvature of
the atrial epicardium was copied to 3 silicone sheets: the right
atrial free wall, left atrial free wall including the posterior left
atrium between the pulmonary veins, and the anterior atrium
behind the great arteries. A total of 253 unipolar electrodes were
distributed over the sheets with interelectrode distances of 5 to 7
mm.
Data Analysis
A 256-channel dynamic mapping system was used for data acqui-
sition and analysis. Data processing was performed on Silicon
Graphics graphic workstations (Indigo2 and O2, Silicon Graphics
Inc, Mountain View, Calif). Local activation times were deter-
mined as the maximum negative derivative of the unipolar elec-
trogram. The minimal activation cycle length was set as 100
milliseconds to handle multiple deflections that occurred in regions
of conduction block. Computer-picked activation times were ver-
ified manually. Activation maps were displayed in a dynamic
mode as a movie with 3-dimensionally constructed atrial models
on a computer. The 3-dimensional atrial models were constructed
from the scanned images of cross sections of the cadaver atria.
A 4000-millisecond duration of data was analyzed to charac-
terize the activation pattern in each patient. Reentry was defined as
reactivation of a site by a wave front that continued from the
preceding activation of the site. Focal activation was defined as an
early activation without any late activation from a previous cycle
adjacent to the early activation site. When an atrium was activated
by a wave front that originated from the other atrium, the activa-
tion pattern was considered to be passive. The number of wave
fronts was determined in each atrium over a 10-millisecond inter-
val every 100 milliseconds. Continuous values were expressed as
mean  1 SD. Student t test was used to compare data between 2
groups when appropriate.
Results
Left Atrial Activation
In all patients, concurrent multiple focal activations were
demonstrated in the left atrium. Macroreentry circulating
around an anatomical obstacle or atrial reentry was not
observed in any patients. Multiple focal activations with a
different cycle length arose from multiple left atrial sites at
Figure 1. Electrode patches placed on a mold made from a
cadaver heart. A total of 253 unipolar electrodes were distributed
over the silicone patches that covered the entire epicardium of
the right and left atria. RAA, Right atrial appendage; SVC, superior
vena cava; IVC, inferior vena cava; RPVs, right pulmonary veins;
LPVs, left pulmonary veins; LAA, left atrial appendage.
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the same time. The activation with the shortest cycle length
propagated to the right atrium, leaving the other activations
confined to a small atrial region. Figure 2 demonstrates the
activation maps during AF constructed in a patient, which
represent repetitive activations arising from 2 different left
atrial regions adjacent to the right and left superior pulmo-
nary veins. The activation arising from the left superior
pulmonary vein (site a) was rapid and relatively regular, and
the cycle length ranged from 132 to 160 milliseconds. In the
meantime, the activation arising from the right superior
Figure 2. Atrial activation maps constructed in a 55-year-old male patient with permanent AF associated with
aortic and mitral valve disease. The maps are shown along with an electrocardiogram and selected electrograms.
The maps represent a superior view of the atria, as if being observed cranially. The location of the selected
electrodes (a-f) is indicated in the maps. The activation maps during the time windows from A to D are shown. The
duration of each time window (the cycle length of the activation recorded from electrode a) is 164, 144, 140, and
141 milliseconds. The atrial activation is shown with color coding at 20-millisecond increments. The gray regions
represent regions where no activation is seen during the time window. See the text for an explanation. ECG,
Electrocardiogram; AO, aorta; PA, pulmonary artery; RAA, right atrial appendage; LAA, left atrial appendage; SVC,
superior vena cava; RSPV, right superior pulmonary vein; LSPV, left superior pulmonary vein.
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pulmonary vein (site f) was slower and irregular, and the
cycle length varied from 185 to 257 milliseconds. Because
the activation arising from the left superior pulmonary vein
was faster than that from the right superior pulmonary vein,
only the activation from the left superior pulmonary vein
conducted to Bachmann’s bundle and the activation arising
from the right superior pulmonary vein was confined to a
small left atrial region around the vein.
Left-to-right interatrial conduction via Bachmann’s bun-
dle was demonstrated in all patients. There was a progres-
sive conduction delay or block in the pathway from the
focus to Bachmann’s bundle and to the right atrium, result-
ing in a variable conduction ratio and nonactivated regions
as shown in Figure 2. These characteristics of the left atrial
activation and the interatrial conduction were demonstrated
also in other patients.
All the patients had 2 to 4 foci (median 2) in the left
atrium. A total of 50 foci were determined in 21 patients.
The location of the focal activation in the left atrium is
depicted in Figure 3. There was no difference in the location
or cycle length of the foci between the rheumatic and
nonrheumatic patients. The majority of the focal activations
arose from the posterior left atrium adjacent to the pulmo-
nary veins or the left atrial appendage. The cycle length was
regular in some patients but varied and changed beat-by-
beat in others. The cycle length of the repetitive activation
ranged from 147 to 268 milliseconds (175  23 millisec-
onds). The average and the range of the cycle length of the
focal activation arising from each left atrial site are sum-
marized in Table 1. The cycle length of the activation
arising from the left superior pulmonary vein was signifi-
cantly shorter than that from the lateral left atrium.
Right Atrial Activation
All patients showed a passive pattern of activation conduct-
ing from the left atrium via Bachmann’s bundle as shown in
Figure 2. As the activation propagated toward the right
atrium, there was a progressive conduction delay or block in
the pathway. The average cycle length measured at the right
atrial appendage was significantly longer (206  32 milli-
seconds, P  .001) than that at the left atrial foci. Progres-
sive slowing of the conduction was also observed in the
lateral right atrium as shown in Figure 4. The delayed
conduction resulted in residual activation from the preced-
ing cycle and coexisting multiple wavelets in the lateral
right atrium. As a result, the activation in the right atrium
desynchronized with the left atrial activation and became
irregular and complex. The number of wave fronts in the
right atrium was 2 to 4 (2.9  0.8), which was significantly
larger than that in the left atrium (0.6  0.7, P  .001).
In addition to the passive activation pattern, atrial reentry
(Figure 5) and focal activation (Figure 6) were also ob-
served in 6 and 5 patients, respectively. In 2 patients, the
pattern of activation was mixed. There was no correlation
between the atrial activation patterns and the duration of
AF, right atrial pressure, or the presence or severity of
tricuspid valve regurgitation. Figure 5 represents the right
atrial reentrant activation seen in a patient. There were at
least 2 reentrant circuits in the lateral right atrium: 1 was in
the middle of the lateral right atrium and the other in the
right atrial appendage. These reentrant circuits changed
their location and configuration cycle-by-cycle. The pattern
of left atrial activation was focal in this patient.
Figure 6 represents the focal pattern of right atrial acti-
vation. The site of the focus changed cycle-by-cycle. The
activation arose from the middle of the lateral right atrium
in the initial 2 consecutive cycles (left and middle maps in
Figure 6), followed by focal activation from the crista
terminalis and passive activation propagating from the left
Figure 3. Distribution of focal activation in the left atrium. The
schema represents the posterior aspect of the atria. The 4 shaded
circles indicate the pulmonary vein orifices. The electrode loca-
tions where the focal activation arose are plotted on the schema
as closed circles; RA, Right atrium.
TABLE 1. Cycle length of the focal activation
LA sites n
Cycle length
Average (ms) Range (ms)
LSPV 18 177 22* 230-147
RSPV 10 183 33 268-150
LIPV 5 189 13 210-179
RIPV 2 NA 202-186
LAA 5 187 15 213-174
Lateral LA 6 204 20* 236-186
Anterior LA 2 NA 210-195
Posterior LA 2 NA 204-186
LA, Left atrium; LSPV, left superior pulmonary vein; RSPV, right superior
pulmonary vein; LIPV, left inferior pulmonary vein; RIPV, right inferior
pulmonary vein; LAA, left atrial appendage; NA, not applicable because of
the small sample size.
*LSPV versus lateral LA, P  .05.
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atrium. The activation pattern in the left atrium was also
focal in this patient. The location of the focal activation in
the right atrium varied from beat to beat and was distributed
over the lateral right atrium. There was no geographical
correlation to the anatomical structures in the right atrium.
Macroreentry circulating around an anatomical obstacle,
such as the vena cava or tricuspid valve annulus, was not
seen in any patients.
Discussion
Atrial Activation of Human AF
There have been few mapping studies performed in patients
with AF. Intraoperative studies on the atrial activation of the
entire atria4 or lateral right atrium5 during pacing-induced
AF in patients with Wolf-Parkinson-White syndrome dem-
onstrated unstable reentrant circuits of a very short cycle
length in the right atrium. Harada and colleagues6 mapped
the right and left atria separately in patients with mitral
valve disease and permanent AF intraoperatively. They
observed regular and repetitive activation originating from
the left atrium and complex and chaotic activation in the
right atrium. From these observations, they proposed that
the left atrium acts as an electrical chamber for AF in
patients with mitral valve disease.
In the present study, the entire atrial epicardium was
mapped with 253 electrodes simultaneously and the data
suggest that concurrent multiple left atrial focal activations
combined with fibrillatory conduction and right atrial focal
or reentrant activations are the underlying mechanism oc-
curring in coexisting multiple wavelets in patients with
permanent AF associated with mitral valve disease. A pro-
gressive conduction delay or block in the pathway from the
left atrial focus to the right atrium and in the lateral right
atrium causes an irregular and complex right atrial activa-
tion that is desynchronized with the left atrium. In addition
to the passive activation, focal activation and reentrant
activation were also observed in the lateral right atrium. All
these complex and desynchronized activations of the right
and left atria formed multiple wavelets in the atrial activa-
tion and fibrillatory waves in the electrocardiograms (Figure
7).
Focal Activation in the Left Atrium
Although the electrograms were not recorded directly from
the pulmonary veins in the present study, the repetitive
activations demonstrated were suggestive of the activation
originating from the pulmonary veins. Recent observations
during catheter ablation of focal AF have shown that repet-
Figure 4. Passive pattern of the right atrial activation demonstrated in a 75-year-old man with severe mitral valve
regurgitation, coronary artery disease, and permanent AF. The maps represent the atrial activation in the lateral
right atrium during the time windows A, B, and C, which correspond to the electrocardiogram shown in the upper
panel. The right atrial activation is the continuation of the left atrial activation traversing over Bachmann’s bundle.
The activation reached the right atrial appendage and then propagated inferiorly. The black arrows indicate the
activation sequence of the Nth cycle and the white arrows indicate the activation sequence of the previous cycle
(N  1). Note a progressive slowing of the conduction resulting in residual activation from the preceding cycle
and multiple wavelets in the lateral right atrium. RV, Right ventricle.
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Figure 5. Right atrial activation maps constructed in a 70-year-old female patient with permanent AF associated
with mitral valve stenosis. The maps represent the lateral aspect of the right atrium and are shown along with an
electrocardiogram and selected electrograms. The location of those electrodes (a-d) is indicated in the maps. The
activation maps during the time windows from A to C are shown. The duration of each time window (the cycle
length of the activation recorded from electrode a) is 132, 155, and 155 milliseconds, respectively. The arrows
indicate the activation sequence. Note the reentrant activation in the right atrium.
Figure 6. Right atrial activation maps constructed in a 51-year-old female patient with permanent AF associated
with aortic valve regurgitation and mitral valve stenosis. Three consecutive right atrial activations are shown. The
cycle lengths of these activations are 222, 253, and 162 milliseconds, respectively. Note the focal activation arising
in the right atrium. The site of the earliest activation in the right atrium is indicated as an asterisk (*).
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itive activations arising from the pulmonary veins are the
trigger initiating paroxysmal AF.11 Studies using magnetic
resonance imaging in patients with focal AF have demon-
strated that the diameters of the left atrium and the pulmo-
nary veins are significantly larger than in normal subjects.12
Because all the patients had a moderate to severe dilated left
atrium accompanied by mitral valve disease in the present
study, they could have a more severe underlying pathophys-
iology than that described in patients with focal AF. Steno-
sis or regurgitation of the mitral valve elevates the pressure
and diameter of the pulmonary veins and further provokes
the pathophysiological changes underlying the repetitive
automatic activation or microreentry in the myocardial
sleeves in the veins.
It is interesting that the distribution of the site of focal
activation was similar to that of the focal activation reported
in paroxysmal AF patients.11 The focal activation was fre-
quently observed in the posterior left atrium adjacent to the
left and right superior pulmonary veins but less often in the
right inferior pulmonary vein. This inhomogeneous distri-
bution of the sources of repetitive focal activation among
the pulmonary veins could be explained by a structural
difference in the myocardial sleeve between the pulmonary
veins.13
The present study has shown that the activation was not
necessarily regular at the left atrial foci in the permanent AF
patients. One possible explanation for the irregular activa-
tion recorded from the posterior left atrium could be that
although the pulmonary vein potentials were not directly
recorded in this study, a difference in the refractory periods
between the pulmonary veins and the left atrium and the
decremental conduction in the pulmonary veins14 modu-
lated the regular activation in the affected pulmonary vein
into the irregular and slower activation in the posterior left
atrium. Damaged myocardium resulting from the dilatation
of the left atrium could have caused a conduction distur-
bance between the pulmonary vein and posterior left atrium
in the patients with permanent AF.
Fibrillatory Conduction
Fibrillatory conduction has been shown to produce multiple
wavelets in experimental studies. Schuessler and col-
leagues3 demonstrated in an isolated canine right atrial
preparation that a single relatively stable high-frequency
reentrant circuit provoked by acetylcholine caused multiple
wavelets in which, because of the spatial dispersion of the
refractoriness and the presence of slow conduction, the
propagation wave was blocked or slowed in several areas
and resulted in fibrillatory conduction. Mansour’s group15
showed in their perfused sheep heart preparation that there
was a left-to-right gradient in the activation frequency of the
atria during high-frequency stimulation of the left atrium
and that the increase in the left atrial activation frequency
further increased the gradient. Their data suggested that AF
could be the result of high-frequency sources in the left
atrium with fibrillatory conduction in the pathway to the
right atrium.
Right Atrial Activation
In addition to the passive activation, focal and reentrant
activations were also observed in the right atrium in the
present study. Unlike the focal activation in the left atrium,
for the foci distributed over the lateral right atrium there was
no geographical correlation to the anatomical structures in
the right atrium. This is suggestive of a different mechanism
or substrate underlying the focal activation in the right
atrium compared with that arising from the pulmonary
veins. Automaticity provoked by the rapid activation or
epicardial breakthrough of the intramural reentry16 could be
the mechanism for the focal activation in the right atrium.
In the present study, the number of wave fronts was
greater in the right atrium than in the left atrium, suggesting
that the right atrium had a larger electrophysiological ca-
pacity for perpetuation of reentrant activation. Because of
the presence of abundant trabeculae, the effective electro-
physiological area should be larger in the right atrium than
in the left atrium, although the actual anatomical volume
Figure 7. Multiple left atrial focal activations with fibrillatory
conduction as a mechanism of permanent AF. The schema rep-
resents the posterior aspect of the atria as shown in Figure 3. The
asterisks (*) adjacent to the right and left superior pulmonary
veins indicate the sites of focal activation. N-2, N-1, and N are
consecutive activations, arising from the same focus from the left
superior pulmonary vein. The activation with a shorter cycle
length propagates toward the right atrium, leaving the other
activation confined to a limited region. Because of high-fre-
quency focal activations and slow conduction, N-1 activation
started before N-2 activation had completed an entire atrial
activation, and N activation started before N-1 activation com-
pleted an entire atrial activation.
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should be nearly the same. In addition, unique myoarchi-
tecture in the right atrium, such as the crista terminalis and
the pectinate muscle arising perpendicularly from it, could
further facilitate the perpetuation of reentry.
Rationale for Current Surgical Procedures
The results of the present study support the concept of the
maze procedure17 that terminates AF with a high success
rate. The procedure consists of isolation of all pulmonary
veins, excision of both atrial appendages, and multiple
incisions on both atria. The isolation of the pulmonary veins
and excision of the atrial appendages would block propa-
gation of the repetitive activation arising from these regions
as shown in the present study. The multiple incisions would
block atrial reentry, which was demonstrated as another
important mechanism in AF in the present study. Because
all the atrial incisions are extended down to the atrioven-
tricular groove or other anatomical obstacles, all the poten-
tial macroreentrant circuits are eliminated.
Recently, simplified surgical procedures confined to the
left atrium have been shown to cure AF in selected patients.
Sueda and colleagues8 performed the left atrial maze pro-
cedure, in which the posterior left atrium including all the
pulmonary veins were electrically isolated and the atrial
incisions were confined to the left atrium, in patients with
permanent AF associated with mitral valve disease. They
found that approximately 70% of the patients were cured of
AF without the incisions in the right atrium and the inter-
atrial septum. More recently, they further simplified the
procedure to pulmonary vein isolation and obtained a sim-
ilar result.9 The rationale for cure of AF by these simplified
procedures might be in blocking propagation of the repeti-
tive activation arising from the pulmonary veins by the
isolation of the entire posterior left atrium or the right and
left pulmonary veins. The results in the present study sug-
gest that the patients who were not cured of AF by these
simplified procedures might have reentry or focal activation
in the right atrium and may be cured of AF by the right atrial
incisions.
Clinical Implications
The most exciting implication of the present study would be
a map-guided surgery for AF. The present study demon-
strated that although the preoperative patient characteristics
had no correlation to the atrial activation patterns, intraop-
erative mapping was able to characterize the atrial activa-
tion during AF and classify the patients into various sub-
types, suggesting that all the atrial incisions and
cryothermia may not be necessary to cure AF in some
patients. If the map-guided surgery is feasible, a more
electrophysiologically directed therapeutic strategy would
be achieved in the treatment of AF, which would be bene-
ficial in reducing the surgical mortality and morbidity, in-
creasing the success rate for AF, and preserving a more
atrial mechanical function by avoiding unnecessary inci-
sions. Analysis of the atrial activation during AF would
identify patients who may be cured of AF only by the
isolation of pulmonary veins, or those who require all the
incisions and cryothermia of the maze procedure, or even
those who require additional or different procedures to
eradicate AF.
In the present study, all the patients had more than 2 foci
in the left atrium and the fastest activation propagated
toward the right atrium, leaving the other activations con-
fined to a small atrial region. This suggests that ablation of
1 focal site may fail to cure AF because the second focus
would assume dominance with surgery for permanent AF.
Furthermore, simultaneous mapping of the entire atria
would be essential in the map-guided surgery for AF be-
cause mapping of the limited atrial region or nonsimulta-
neous mapping of the separate atrial regions may fail to find
the concurrent multiple activations. Even if a patient is
cured of AF by the successful ablation of the mapped focal
region, atrial mapping and provocation of the focal activa-
tion should be repeated to eradicate AF completely.
To achieve successful map-guided surgery for AF, the
following issues should be resolved. First, the temporal
constancy in the electrophysiological mechanism of AF
should be proven in each patient. Because the mechanism of
AF can change over time, the mapping should be repeated
several times. The effect of anesthesia on the atrial electro-
physiology should also be considered. Second, the duration
of the mapping and analysis of the data should be shortened.
Although our 256-channel 3-dimensional mapping system
is capable of analyzing complex and concurrent activations
during AF and displaying multiple wave fronts in a dynamic
mode as a movie on 3-dimensionally constructed atrial
models, it still requires a considerable time for analysis of
the complex atrial electrograms during AF. Last, an off-
pump surgical technique that creates linear atrial incisions
and annular cryothermia without a need for cardiopulmo-
nary bypass and cardioplegic arrest should be established.
The technique not only reduces the complications related to
the cardiopulmonary bypass and cardioplegic arrest but also
enables real-time verification of conduction block across
each incision and further facilitates electrophysiological as-
sessment of AF. Recently, microwave energy18 or the bi-
polar application of radiofrequency energy19 have been
shown to produce transmural linear lesions on the beating
heart.
Study Limitations
All the patients had been in AF for 3 years or more in the
present study. The short duration of 4 seconds of data might
not have been enough to determine the atrial activation
during AF in these patients. As mentioned above, repeated
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data acquisition in a different instance may be necessary to
examine whether there would be a time variation in the
atrial activation pattern and characteristics demonstrated in
the present study. Further, the data were recorded during
surgery under general anesthesia. The anesthetic drugs
might affect the autonomic nerve system or directly change
the atrial electrophysiology.
This was an epicardial mapping study and the electro-
grams were not recorded from the interatrial septum or
coronary sinus. Because macroreentry circulating in the
lateral right atrium and interatrial septum was frequently
observed in the canine pericardial model of AF,20 macro-
reentry conducting through the interatrial septum could
have participated in the perpetuation of AF in our patients
also. Further, the interatrial electrical connections through
the coronary sinus musculature or the interatrial septum
might have acted as pathways for interatrial conduction
during AF, and the focal activation occasionally observed in
the lateral left atrium could have been a breakthrough of the
right-to-left activation propagating through the coronary
sinus musculature. Preoperative biatrial endocardial map-
ping using a basket catheter or noncontact balloon catheter
would solve these problems and provide additional infor-
mation on the mechanism of AF.
We acknowledge the excellent technical assistance of Motoaki
Uchiyama. We also thank Hitomi Horiguchi for preparation of the
illustrations and John Martin for preparation of the manuscript.
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